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SUMMARY 
Production of cyclopropene and cyclopropenone has "been successfully 
accomplished using the most recent synthesis techniques available. 
Cyclopropene was prepared by the reaction of allyl chloride and 
sodium amide in a mineral oil suspension. The evolved gaseous products 
were passed through a sulfuric acid bath, then trapped in a receiver im-
mersed in liquid nitrogen (77 K). Because of its highly unstable char-
acter, cyclopropene was kept at liquid nitrogen temperature until time for 
its analysis or its subsequent utilization. 
Cyclopropenone was prepared by the reaction of tri-n-butyltin hydride 
with tetrachlorocyclopropene in mineral oil, followed by distillation of 
the product to yield a volatile mixture of dichlorocyclopropenes which was 
hydrolyzed to form the final product. 
Because neither tetrachlorocyclopropene nor tri-n-butyltin hydride 
are commercially available, it was first necessary to prepare these com-
pounds . 
The first step in the synthesis of tetrachlorocyclopropene involved 
the reaction of trichloroethylene with sodium trichloroacetate in dimeth-
oxyethane as a solvent. The oil produced in this step was distilled to 
yield pentachlorocyclopropane, which was then dehydrohalogenated with 
potassium hydroxide to give tetrachlorocyclopropene. 
The synthesis of tri-n-butyltin hydride was accomplished by the reac-
tion of lithium aluminum hydride with tri-n-butyltin chloride in ether 
solution. The ether solution of the product was washed and distilled to 
Vlll 
give tri-n-butyltin hydride product. 
Cyclopropene and cyclopropenone have been produced in usable quanti-
ties and stored for concurrent and future studies of their molecular 
energetics. The basic steps in the preparation of these two compounds 
followed those given in the literature, but a number of changes of modi-
fications were found to be desirable for convenience of technique or for 
optimum yield. This study should serve as a manual for preparing cyclo-




Much work is currently being conducted in chemical kinetics on the 
elucidation of the mechanisms by which chemical reactions occur. In some 
cases the detection of compounds intermediate between reactants and pro-
ducts can give evidence as to the steps involved in the mechanism. 
One of the newest and most successful tools used in the study of 
the energetics of unstable compounds is the cryogenic mass spectrometer 
developed in the Cryochemistry Laboratory of the Georgia Institute of 
Technology. The development of the cryogenic mass spectrometer and some 
of its past applications are fully discussed in theses from this labora-
1 2 3 
tory by Martin , Malone , and Bivens . 
Purpose of Research 
The purpose of this work is to produce, in usable quantities, 
cyclopropene and cyclopropenone, two recently prepared highly strained 
and unstable small ring hydrocarbons. These compounds are to be used in 
concurrent and future studies of the energetics and stability of several 
reaction intermediates when maintained at cryogenic temperatures. 
The most successful and most easily manageable syntheses were 
chosen as models to use in the preparation of cyclopropene and cyclopro-
k 
penone. The work of Closs and Krantz was selected as being the most 
practical in preparing cyclopropene, while the very recent work of Breslow 
2 
5 
and Ryan served as a guide for the preparation of cyclopropenone 
Fast Work on Cyclopropene 
As a result of the bond strain that is present in cyclopropene and 
cyclopropene derivatives, these compounds lend themselves nicely to a 
study of the effects of ring substituents on the properties of carbon-
carbon and carbon-hydrogen bonds. The effects of substituents are exag-
gerated in the unsaturated three-membered ring, and for this reason a 
considerable amount of attention has been given to the cyclopropenes. 
6 7 
In 1897 Freundler ' reported the synthesis of cyclopropene by the 
pyrolysis of barium furoate according to the reaction 
\ 
Ba > 
, /^COO . 
0 / 2 0 
+ other products . (l) 
This gaseous substance with an alliaceous odor was reported to be slightly 
soluble in water, gave no precipitate with either ammoniacal cuprous 
chloride or silver nitrate, but did yield a precipitate from alcoholic 
solutions of mecuric chloride. The gas reacted with bromine to give a 
small quantity of dibromide as well as one or more tetrabromides. The 
formation of the tetrabromide CHBr CH„CHBr indicated that the unsaturated 
hydrocarbon synthesized was cyclopropene. Although furan was the princi-
o 
pie product formed, the gas was obtained in 5 to 6 percent yields . 
A later study of the method confirmed the formation of furan and 
9 
other products, but indicated no appreciable yields of cyclopropene . 
Possibly the temperature necessary for this dry distillation procedure 
caused the transformation of any cyclopropene formed into a polymer, or 
3 
into methylacetylene, or into some other substance. Methylacetylene was 
identified as a reaction product but was found only in small amounts. 
The first confirmed report of the synthesis of cyclopropene was 
that of Dem'yanov and Doyarenko ' , who obtained the hydrocarbon by the 
thermal decomposition of trimethylcyclopropylammonium hydroxide on 




Trimethylamine and dimethylcyclopropylamine were also obtained. The 
reaction was carried out in an atmosphere of carbon dioxide and away from 
direct light in order to prevent extensive oxidation and polymerization 
of the cyclopropene product. The cyclic compound reacted with bromine 
to give two bromides, a dibromide, and a tetrabromide. Although the 
tetrabromide, CHBr CH CHBr , was stated to be reduced quantitatively to 
cyclopropene by zinc dust and ethyl alcohol, this reduction was not con-
12 
firmed . The presence of a small amount of CH~CBr CHBr indicated that 
methylacetylene was also formed from the decomposition of the quaternary 
13 
base. Further experiments showed that an increase in the temperature 
for the decomposition resulted in an increase in the amount of methy-
lacetylene formed and a decrease in the amount of cyclopropene. 
12 
The Russian work was confirmed in an extensive investigation of 
the reaction conditions necessary for a preparative scale operation. An 
approximately k.f percent overall yield of cyclopropene was obtained at 
the optimum temperature of 320-330 . The pure compound was obtained by 
fractional distillation of the hydrocarbons formed from the pyrolysis of 
the trimethylcyclopropylammonium iodide. Each step in the synthesis was 
studied from a preparative point of view. Dimethylcyclopropylamine and 
methylacetylene were also obtained. Whereas the ratio of hydrocarbons to 
amines seemed to be affected by the condition of the catalyst, the ratio 
of cyclopropene to methylacetylene depended mainly on the temperature. 
AgOH 320-330° 
N(CH3)3I ' / X N(CH3)2 
(3) 
+ other products 
Ik 
This procedure was modified slightly by using the Schmidt reac-
tion for the conversion of cyclopropanecarboxylic acid to cyclopropylamine 
as given by the reaction 
w 
-ci H2 L \ N H 2 + co2 
The cyclopropene was purified by vapor phase chromatography with the 
removal from the gaseous mixture of such impurities as ethylene, carbon 
dioxide, methylacetylene, and dimethyl ether. 
A deuterated sample of cyclopropene has been prepared by equilibrating 
the cyclopropyltrimethylammonium hydroxide with deuterium oxide before 
Ik 
pyrolysis . Mass spectrometric analysis showed that the cyclopropene sample 
5 
obtained had ko percent cyclopropene-d , ko percent cyclopropene-d , and 
15 
20 percent cyclopropene-d . An analysis of the nrar spectrum of the 
dibromide derivative indicated that 80 percent of the deuterium was in 
16 
the vinyl position, thereby supporting the evidence that vinyl hydrogen 
ik 
in a cyclopropene derivative is moderately acidic 
A gas believed to be cyclopropene along with a phthalic acid ester 
was cleaved from an adduct (II in Equation (5)) formed by the reaction of 
i v i ft 
cycloheptatriene (I in Equation (5)) and dimethyl acetylenedicarboxylate ' 
Ik 
In a further investigation , quantitative yields of the phthalate were ob-
tained but only 1 percent of cyclopropene, as the remainder, was found in 












Chemical Reactions of Cyclopropene 
The properties of cyclopropene are of interest to investigators 
studying the effect of ring strain on bond hybridization and reactivity. 
A number of cyclopropene reactions were investigated with special interest 
in the effect of bond angle deformation on the reactions. 
The thermal isomerization of cyclopropene to methylacetylene was 
6 
found to proceed slowly at 325 but fairly rapidly at ^25 . Cyclopropene 
was not obtained in detectable quantities when methylacetylene was treated 
. ._ _ 1U similarly 
The major portion of cyclopropene was polymerized upon attempted 
fractional distillation at -36 , its boiling point at atmospheric pressure. 
Polymerization occurred readily at room temperature and was assumed to be 
a free-radical chain reaction. The nmr spectrum indicated the structure 
Ik 
of the polymer to be that of a polycyclopropane (ill) 
III 
Although cyclopropene could not be stored even at dry-ice-acetone tempera-
ture (-78 ), 1,2-dimethylcyclopropene may be kept in a refrigerator with-
. . . 20 
out polymerization 
Cyclopropene was quantitatively removed from a mixture with nitro-
gen when the mixture was passed through an aqueous or ammoniacal silver 
21 ih 
nitrate solution ' . The formation of the silver complex possibly im-
3 
parted some sp character to the double bond and was thus related to the 
relief of angle strain by the lengthening of the double bond. 
Cyclopropene reacted with iodine in carbon tetrachloride solution 
to form 1,2-diiodocyclopropane, a very stable compound which did not react 
1k 
with iodide ion or with zinc dust to reform cyclopropene . Cyclopropene 
also readily added bromine to form a dibromide with the trans configura-
tion. The dibromide formed a di-Grignard reagent with the probable struc-
ture formulated as 
Mg Mg 
where the magnesium atoms and the bromine are associated in a way similar 
to an ion-triplet, or where there may be some eovalent character to the 
association. An alternate structure for the Grignard reagent was suggested 
22 ik 23 
5 . Other preliminary experiments indicated that cyclopropene may 
not react with Grignard reagents under conditions where cyclopentadiene 
is converted to cyclopentadienylmagnesium compounds. 
Cyclopropene behaved as a dienophile and underwent Diels-Alder reac-
tion when it was passed into a cold solution of cyclopentadiene in methylene 
chloride. The expected adduct 
was obtained in 97 percent yield. Only a 37 percent yield was obtained 
ik 22 
with the less reactive butadiene ' 
Diphenyldiazomethane reacted with cyclopropene, even in the presence 
of copper powder, to form a 1:1 addition compound with the probable 
structure 
A six-membered unsaturated ring was obtained in a similar fashion by the 
reaction of cyclopropene with diazoacetic ester, with the reaction pro-
olU 
ceeding rapidly even at temperatures as low as -k-0 
Although the derivatives of cyclopropene undergo many reactions, 
2k 
they will not be discussed in this work. Carter and Frampton give a 
very good summary of these reactions along with physical and physico-
chemical properties of cyclopropene and its derivatives. 
Previous Work on Cyclopropenone 
All of the major work on cyclopropenone and its derivatives has 
been conducted by Breslow and his associates. 
In 1959 Breslow stated that, up to that time no stable compound 
was known containing a carbonyl group in a three-membered ring. He con-
sidered that the reaction between a carbene and a ketene acetal to fur-
26 
nish a cyclopropene ketal could be adapted for this purpose. The reac-
27 tion of phenyl ketene dimethyl acetal with benzyl chloride and potassium 
t-butoxide was selected, and is shown on the following page. 
The expected product was the dimethyl ketal of diphenylcyclopropenone 
but with aqueous processing this hydrolyzed forming only diphenylcyclopro-
penone itself; melting point: 121 . 
In 1965 Breslow devised an even better procedure for preparing 
diphenylcyclopropenone involving elimination of HBr from a - 01 -dibromodi-
/ 0 C H 3 
/ C = C 
H XOCH 3 
CH2C1 CH 3 




H CO OCH (6) 
benzyl ketone. The physical and chemical properties showed that the 
ketone was strongly polarized, as expected for a derivative of the aro-
matic cyclopropenyl cation. 
In 1966 Breslow reacted lithium trichloromethide at -100 with 
various acetylenes and produced substituted cyclopropenones after hydroly-
sis. Using this procedure, methyl-, propyl-, dimethyl-, and dipropylcyclo-
propenone were prepared in moderate yields. These reactions are as 
follows: R 









where: R = CH ; R7 = H 
R = n_C H ; R = H 
10 
R = R' = CH 
R = R' = n— CLH 
The first and only known successful synthesis of cyclopropenone 
c; 
was achieved in 1967 by Breslow and Ryan . T r i - n - b u t y l t i n hydr ide was 
reacted with tetrachlorocyclopropene in paraffin oil at room temperature, 
as shown by the reaction 
CI 
\ / \ / Ĥ O \ 1 
(8) 
-2 ^x2 ° 
The volatile mixture of chlorocyclopropenes was taken up in carbon 
tetrachloride and hydrolyzed. Only cyclopropenone was detected using nmr 
and infrared analysis. 
On standing, cyclopropenone slowly (t± at 25 > 1 week) hydrolyzed 
2 




— ^ CH2CHC00H . (9) 
Treatment with alkali produced a dark polymer, but the compound was stable 
to a variety of strong mineral acids. 
Although cyclopropenone is very polar, it was extracted from the 
water solution using methylene chloride or ethylene chloride by salting 
out. Infrared and nmr analysis showed that cyclopropenone was apparently 
present as a free ketone rather than a gem-diol, even in aqueous solution. 
Attempts to isolate cyclopropenone by solvent removal, distillation, 
or vapor phase chromatography under a variety of conditions failed, leading 
11 
to at least partial polymerization of the compound. Since cyclopropenone 
had low reactivity compared with cyclopropanone, it was concluded that the 
cyclopropenone system has considerable conjugative properties. 
This synthesis by Breslow and Ryan was chosen as a primary model 
for the preparation of cyclopropenone in this work. 
CHAPTER II 
APPARATUS AND PROCEDURE FOR SYNTHESIS OF CYCLOPROPENE 
The method of preparing cyclopropene was essentially that of Closs 
k 
and Krantz with several modifications. All chemicals used were of reagent 
quality. 
A schematic diagram of the apparatus is shown in Figure 1. The 
apparatus consisted of a 100 ml. three-neck flask fitted with addition 
funnel, nitrogen inlet tube, and a water-jacketed condenser. The flask 
contents were stirred by a Fisher Lab Supplies magnetic stirrer. The con-
denser was joined by a ball and socket coupling to a 50-ml. gas wash 
bubbler containing 2N sulfuric acid. This trap in turn led via a ball and 
socket connection to the product trap, which was immersed during operation 
in a dewar of liquid nitrogen. High vacuum stopcocks controlled flow to 
and from the product trap. The smallest possible volume of the system was 
desired in order to transport the product from reaction vessel to product 
trap in the least amount of time, thereby reducing the chance of decomposi-
tion or polymerization. 
The reaction flask was heated by a water bath which was stirred by 
the same magnetic stirrer which provided stirring for the reaction flask. 
The heating element was a 300-watt wire heater controlled by a Superior 
Electric Company Powerstat. Closs and Krantz used a heating mantle, but it 
was found that the stirred water bath provided more uniform heating. 
The jacketed condenser required circulating ice water for cooling 
>o 
Legend 
1. Magnetic stirrer 
2. Water bath 
3. 100-ml Three-neck flask 
k. N? Inlet tube 
5. Addition funnel 
6. Condenser 
7. Np Cylinder 
8. Cooling air tube 
9. Inverted u-tube 
10. HpSO^ trap 
n. Cooling coil for 
condenser water 
12. Product trap 
13. Product dewar 
Ik. Drying tube 
15. Pump 




the product gases. This was accomplished by passing tap water through a 
coiled quarter-inch copper tube immersed in a dewar containing an ice 
water bath. Satisfactory cooling was achieved provided the dewar was kept 
at least one-third full of ice. 
A cylinder of dry nitrogen gas was attached to the inlet tube in 
the reaction flask by a piece of quarter-inch Tygon tubing. A pinch-clamp 
on the tubing provided fine control of the gas flow rate. 
Other modifications of Closs and Krantz's equipment consisted of 
the addition of a drying tube to the outlet side of the product trap, and 
a Welch Model 1̂4-05 Duo Seal pump to the drying tube. 
The formation of cyclopropene occurs according to the reaction 
CH CHCH2C1 + NaWH )> 
The reaction flask was charged with 12 gm (0.3 mole) of sodium 
amide plus 20 ml. of mineral (paraffin) oil. After heating the stirred 
suspension to 75-77 , 23 gm (0.3 mole) of allyl chloride was added drop-
wise to the flask. It was very important to add the allyl chloride slowly 
so as not to produce excessive foaming. On several occasions this foaming 
caused flooding of the condenser with resultant pressure buildup in the 
flask. This led to the nitrogen inlet tube being blown out of the flask, 
and the subsequent boiling out of the flask contents. 
Addition of the allyl chloride (15-20 drops per minute) required from 
two to four hours. Heating and stirring were continued for another two 
hours, and during this time as the gas flow slowed down (as monitored by 
the gas wash bubbler), a slow rate of nitrogen was passed through the 
(10) 
system to sweep the product into the product trap. It was important here 
to keep the nitrogen flow rate very low; otherwise, unreacted allyl 
chloride was swept into the product trap. A flow rate of approximately 
one bubble per second as monitored by the gas wash bubbler was used in 
these preparations. The large quantities of allyl chloride which were 
swept into the product trap proved difficult to separate from the rather 
small amount of cycylopropene. Closs and Krantz used vapor phase chro-
matography for this purpose, but in this work cryogenic trap-to-trap dis-
2 
tillation was successfully used. Malone has reported more fully on this 
technique. 
Difficulty was encountered in the early runs with air condensing 
in the product trap. This prevented the product gases from entering the 
trap which caused back pressure in the reaction flask and stopped the 
reaction. By attaching a pump to the product trap (via the drying tube), 
and evacuating the system before starting the reaction, most of these con-
densation difficulties were overcome. It was also found that by slightly 
pumping (5-10 inches water) on the system during the reaction, a steady 
flow rate of gas from flask to trap was produced. This may have had the 
effect of contaminating the product with allyl chloride, but was an effective 
method of controlling the reaction rate. Also, with the system under slight 
vacuum, the reaction temperature was lowered from the literature value of 
80° by 3-5°. 
After several preparations of cyclopropene, it was found advantage-
ous to insert an inverted U-tube between the condenser and gas wash bubbler. 
This kept acid from being drawn out of the bubbler and back into the flask, 
should the flask be cooled too quickly. Some cooling was necessary in the 
early preparations because of the tendency of the flask contents to foam. 
As was mentioned previously, slow addition of the allyl chloride was 
essential; however, even with this precaution, foaming sometimes occurred 
making it necessary to cool the flask. This was most satisfactorily achi-
eved by directing two small jets of air onto the upper part of the reaction 
flask. If this cooling were effected too rapidly, a vacuum would occur 
in the flask, drawing acid from the gas bubbler into the flask and thus 
ruining the reaction; thus, the extra measure of safety in using the in-
verted U-tube. 
In the final three preparations, it was decided to use a larger 
reaction vessel in order to increase the yield. A three-neck, 500-ml. 
flask was used with the same attachments as before, and the quantities of 
starting materials were doubled. Not only was the yield increased, but the 
problem of foaming was nearly eliminated. However, product purity was 
adversely affected as a considerable quantity of allyl chloride was trapped 
with the cyclopropene, making more extensive purification necessary. 
Since the normal boiling point of cyclopropene is -36 , and the 
compound is highly reactive, product samples had to be kept at very low 
temperatures to prevent their polymerization or decomposition. All samples 
were stored in liquid nitrogen until analysis or further study. 
CHAPTER III 
APPARATUS AMD PROCEDURE FOR SYNTHESIS OF CYCLOPROPENONE 
The preparation of cyclopropenone was carried out in three major 
steps: the preparation of tetrachlorocyclopropene; the preparation of 
tri-n-butyltin hydride; the reaction of tetrachlorocyclopropene and tri-
n-butyltin hydride to form cyclopropenone. Reagent grade chemicals were 
used in all steps. 
Preparation of Tetrachlorocyclopropene 
Tetrachlorocyclopropene was produced by the reaction of trichloro-
ethylene with sodium trichloroacetate in dimethoxyethane as a solvent to 
yield pentachlorocyclopropane which was then dehydrohalogenated, 
H CI 
CHC1CC12 + CC1 C02 Na
+ 
CH OCH CH OCH 
CI" *C1 
CI 4 CI (11) 
The apparatus used here was basically the same as that of Tobey and West 
but with several modifications. 
The first step in preparing tetrachlorocyclopropene was the pre-
paration of pentachlorocyclopropane. 
A schematic diagram of the apparatus used in this preparation is 
19 
shown in Figure 2. Five hundred ml. of trichloroethylene and 320 gm of 
pelletized sodium trichloroacetate were placed in a one-liter, three-neck 
flask fitted with a glass stirring rod and water takeoff trap leading to 
a reflux condenser. The condenser was vented through a 100 ml. mineral 
oil bubbler. The stirrer was driven by a Universal Electric Company 
motor whose speed was controlled by a Superior Electric Company Powerstat. 
Heating was by a mineral oil bath using a nichrome wire wound circular 
glass rod as the heating element. Energy input to the heater was controlled 
by a Superior Electric Company Powerstat. The bath was stirred by a glass 
stirring rod driven by a Wo. 7605 Palo Laboratory Supplies variable speed 
motor. 
Stirring and reflux of the trichloroethylene and sodium trichloro-
acetate were continued for two to three hours at 80 until all water had 
been removed (usually 8-10 ml.). To the flask was then added 150 ml. of 
dimethoxyethane. The suspension was refluxed at 80 for 2.5 days, during 
which time CO was continuously given off as monitored by a bubbler, and 
the reaction mass gradually darkened to a chocolate-brown color. At no 
time was all of the reaction material in solution. During reflux a small 
amount of very irritating and noxious gas evolved making use of a hood 
necessary. 
After the reflux period, the flask was allowed to cool and its con-
tents to settle. The brown silt settled to the bottom of the flask with 
about 200 ml. of a clear oil rising to the top. This upper oily layer 
was decanted off and the silt drenched with 100 ml. of water which provided 
about 50 ml. more oil. 







1. Oil bath 
2. Wire wound glass rod heater 
3. 1000-ml Three-neck flask 
h. Water takeoff trap 
5. Condenser 
C0p Bubbler 
Stirrer for oil bath 
Stirrer for reaction flnsk 
Powerstat 
igure 2. Apparatus for the Preparation of Pentachlorocyclopropane 
20 
the volatile solvents, then heated slowly to 90 • The boiling point of 
pentachlorocyclopropane at 20 mm is 75 , but all vapor coming off from 
68 to 90 "was collected as product. As was expected, this product proved 
to contain impurities, but these were accepted in order to make sure that 
all pentachlorocyclopropane was collected. Figure 3 shows a diagram of 
the apparatus used in the distillation. This apparatus consisted of a 
500-ml. distilling flask to which was attached a vacuum reflux head. A 
Welch Model 1̂ -05 Duo Seal pump was used to maintain the low distillation 
pressure. In line between the reflux head and vacuum pump, were a U-tube 
manometer and a 500-ml. trap immersed in liquid nitrogen. All vapors coming 
from the distilling flask were condensed in this trap and prevented from 
entering the pump. Uniform heating was provided by a mineral oil bath 
heated by a nichrome wire wound glass rod whose power input was controlled 
by a Superior Electric Company Powerstat. 
Early attempts to use a reflux condenser between the flask and re-
flux head were unsuccessful as product vapors condensed within the con-
denser and very little product reached the reflux head. Thus, all the 
later runs were conducted with the reflux head attached directly to the 
distilling flask. Using this technique, approximately 50 ml. of product, 
a clear oil with irritating smell was collected in each run. Characteriza-
tion of the pentachlorocyclopropane was established using mass and infrared 
spectrometry. No special precautions were taken in storing the pentachloro-
cyclopropane prior to its conversion to tetrachlorocyclopropene since the 
cyclopropane derivative is a stable liquid at room temperature. 
Formation of tetrachlorocyclopropene occurs under very mild condi-
tions, involving the removal of an HC1 molecule from the pentachlorocyclo-
Legend 
1. Oil bath 6. Cooling bath for product flask 
CVI Heating element 7. U-tube manometer 
3. Distilling flask 8. Pump safety trap 
k. Vacuum reflux head 9. Pump safety trap dewar 
5. Product flask 10. Pump 




To 50 gm of pentachlorocyclopropane was added 0.6 mole KOH dis-
solved in 40-ml. water. The emulsion which formed was swirled for 30 min-
utes and occasionally cooled to make sure the reaction temperature did not 
exceed 100 . 
On adding 25 ml. of cold concentrated HC1, the emulsion broke and 
formed two layers. The lower, oily layer was separated, dried over CaClp, 
and then distilled. The distillation apparatus was the same as that shown 
in Figure 3- All product which distilled over at up to 90 at a pressure 
of 20 mm was collected. The boiling point of tetrachlorocyclopropene at 
7̂ 5 mm is 130°19. 
Tetrachlorocyclopropene was characterized by infrared analyses. Due 
to the good stability of tetrachlorocyclopropene at room temperature, no 
special measures were taken in storing it prior to its further use. 
Preparation of Tri-n-butyltin Hydride 
At the time of this synthesis, tri-n-butyltin hydride was not 
30 
commercially available and was prepared by the method of Kuivila . This 
method involves the reduction of tri-n-butyltin chloride by lithium alumi-
num hydride in an ether solution. The reaction is as follows: 
LiAlH, 
(H CCH2CH2CH2) SnCl — > (H-CCH CI^CHg) SnH . (12) 
A diagram of the apparatus used in this preparation is shown in 
Figure h. To a 500-ml., three-neck flask which was cooled in an ice water 
bath and fitted with a dropping funnel, glass stirring rod, and nitrogen 
inlet tube, was placed 155 ml. of anhydrous ether. The stirring rod was 
Legend 
1. Ice-water bath 
2. 500-ml Three-neck flask 
3. Addition funnel 
k. Stirrer 
5. Powerstat 
6. Np Cylinder 
Figure k. Apparatus for the Synthesis of Tr i -n-buty l t in Hydride 
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driven by a Universal Electric Company variable speed motor. To the ether 
was then added ko gm of tri-n-butyltin chloride and 1.93 gm of lithium 
aluminum hydride. 
The milky mixture was stirred at bath temperature for 15 minutes, 
then at room temperature for three hours. The mixture was then slowly 
hydrolyzed with 105 ml. of cold water. An ether and water layer formed. 
The ether (upper) layer was separated, washed with two 50-ml. portions of 
ice water, then dried over magnesium sulfate. Approximately 130 ml. of a 
clear liquid remained at this point. 
The ether was distilled off at room temperature and the hydride 
distilled rapidly at one mm pressure using an oil bath preheated to 90 . 
The distillation apparatus, as shown in Figure 5? consisted of a 100-ml. 
distilling flask heated by the oil bath and connected by ball and socket 
to a 100-ml. product trap cooled in liquid nitrogen. To the product trap 
was connected a U-tube manometer, 500-ml. pump safety trap cooled in 
liquid nitrogen, and a Welch Model 1̂ -05 Duo Seal pump. About 30 ml. of 
product, a clear liquid, was obtained with approximately 10 ml. remaining 
in the still. Mass spectrometric analysis confirmed that the desired pro-
duct, tri-n-butyltin hydride, had been produced. The product was sensitive 
to oxygen and was stored under argon in a desiccator. 
Preparation of Cyclopropenone 
The apparatus for the preparation of cyclopropenone is shown in 
Figure 6. Three gm of tetrachlorocyclopropene in Uo ml. of mineral oil 
were placed in a three-neck, 100-ml. round bottom flask. This flask was 
fitted with a dropping funnel, nitrogen inlet tube, and was connected by 
Legend 
1. Oil bath 
2. Heating element 
3. Distilling flask 
k. Product trap 
5. Product trap cooling flask 
6. U-tube manometer 
7. Pump safety trap 
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Figure 6. Apparatus for the Synthesis of Cyclopropenone 
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ball and socket to a 100-ml. trap cooled by an ice-acetone bath. To this 
product trap were connected a U-tube manometer and a Welch Model lU05 Duo 
Seal pump. After flushing the flask with dry nitrogen gas, 15 gm of tri-
n-butyltin chloride was added dropwise. The solution was stirred by a 
Fisher magnetic stirrer, and during addition of the hydride the flask was 
cooled by an ice water bath. Stirring was continued overnight at room 
temperature. The flask contents were then distilled at 1 mm and room 
temperature into the chilled product trap. Approximately one ml. of a 
clear liquid was collected in the trap, and to this was added two ml. of 
carbon tetrachloride. Hydrolysis of the product, a mixture of dichloro-
cyclopropenes, could be performed when desired by adding a few drops of 
deuterium oxide or water to the sample. In general, the unhydrolyzed pro-
duct was kept until time for analysis. Nmr analysis was used to character-
ize the products, a mixture of the 1,3- and 3j3-dichlorocyclopropenes. 
Characterization of the product cyclopropenone was obtained from nmr 
analysis. Cyclopropenone was kept frozen at liquid nitrogen temperature 
when not being analyzed or studied. 
In the final preparation of cyclopropenone, enough tetrachlorocyclo-
propene and tri-n-butyltin hydride was produced to yield about 30 gm of 
cyclopropenone. The procedures for preparing the tin hydride and tetra-
chlorocyclopropene were identical to those just given, only the quantities 
of materials used differed. 
In preparing pentachlorocyclopropane, 2500 ml. of trichloroethylene 
was reacted with 1600 gm of sodium trichloroacetate in 750 ml. of dimethoxy-
ethane. This produced 3^00 ml. of clear liquid to be distilled. About 
2600 ml. of ether was vacuum-stripped at room temperature. Distillation of 
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the remaining liquid yielded l60 ml. of pentachlorocyclopropane with 75 ml. 
of a thick, brown residue remaining in the distillation flask. Some 350 ml. 
of trichloroethylene and dimethoxyethane were also collected in this dis-
tillation as determined from the infrared analysis of the various cuts. 
Approximately 15 ml. of incompletely converted tetrachlorocyclopro-
pane from a previous run was added to the 160 ml. of fresh pentachlorocyclo-
propane, and the mixture was reacted with 15 M KOH to form tetrachlorocyclo-
propene. Distillation yielded 110 ml. of product tetrachlorocyclopropene. 
However, this product also contained some unconverted pentachlorocyclopropane 
and it was therefore redistilled to obtain a more pure product. The final 
yield of tetrachlorocyclopropene was about 90 ml. 
In preparing the tin hydride, 500 gms of tin chloride was reacted 
with 2k gm of LiAlH, in 2310 ml. of ether. Vacuum stripping followed by 
distillation at 90 and 1 mm pressure produced about 300 ml. of tri-n-butylin 
hydride. 
A trial run was carried out to prepare cyclopropenone in larger 
quantities than in the previous trials. Ten gm of tetrachlorocyclopropene 
and 50 gm of tin hydride were reacted to yield 2.25 gm of the dichlorocyclo-
propenes. When hydrolyzed, these dichlorocyclopropenes formed from 2 to 10 
ml. of cyclopropenone solution, depending on the concentration desired. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Cyclopropene and cyclopropenone were successfully synthesized using 
the methods given in Chapters I and II of this work. In the synthesis of 
these compounds it was necessary to; prove that the desired products had 
been made. Also, since the synthesis of cyclopropenone required that 
tetrachlorocyclopropene and tri-n-butyltin hydride be prepared first, it 
was necessary to identify these compounds before proceeding to subsequent 
steps. Several techniques were used in these analyses. 
Cyclopropene 
The synthesis of cyclopropene was a one-step procedure, and it was 
necessary only to analyze the final product for cyclopropene. Since most 
of the product samples were contaminated with allyl chloride, it was 
necessary to purify them before analysis. This was accomplished using a 
1 2 
trap-to-trap distillation technique developed by Martin and Malone . It 
should be noted here that this trap-to-trap distillation procedure re-
quires that the material to be distilled be warmed to room temperature for 
a short period of time. Since a significant portion of the cyclopropene 
proved on analysis to have survived this warming without decomposition, 
this indicates that cyclopropene is stable at room temperature, at least 
for short periods of time. From mass spectrometric analysis, it was clear 
that this distillation technique successfully removed all traces of allyl 
chloride from the product. 
The cryogenic mass spectrometer was used for sample analysis. A 
major peak at mass 39 in the product spectrum confirmed the presence of 
cyclopropene. The question might be asked at this point as to whether the 
peak at mass 39 might be attributed to methylacetylene instead of cyclo-
propene. This is not very likely since the isomerization of cyclopropene 
to methylacetylene occurs fairly rapidly only at temperatures greater than 
-̂00 , whereas the reactions in this work were conducted at less than 80 
and the products were kept frozen in liquid nitrogen. The major mass peaks 
in the spectrum of cyclopropene are given in Table 1. 
Table 1. Mass Spectrum of Cyclopropene at 70 eV 
Using a Bendix Model lU-107 TOF Machine 
m/e Relative Abundance (percent) 
h2 (impurity) k 










20 (probable doubly charged ion) 3 
19 (probable doubly charged ion) k 
14 . 3 
Cyclopropenone 
The first step in the synthesis of cyclopropenone was the prepara-
tion of pentachlorocyclopropane followed by its conversion to tetrachloro-
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cyclopropene. Proof of the existence of these compounds was desired be-
fore proceeding further. Mass spectrometric and infrared analysis were 
used in order to identify these products. 
Pentachlorocyclopropane, and later tetrachlorocyclopropene were 
subjected to analysis using one of the mass spectrometers (time-of-flight) 
available in this laboratory. The spectra of both of these compounds were 
nearly identical. In both cases, peaks occurred around mass 177-180, the 
mass of tetrachlorocyclopropene, along with many fragments peaks, some of 
which were identifiable. These spectra agreed fairly well with the spectrum 
19 of tetrachlorocyclopropene given by Tobey and West . The difficulty in 
interpretation results from the fact that pentachlorocyclopropane does not 
have a parent ion. The heaviest fragment ion corresponds to the parent ion 
less one chlorine atom. On the other hand, tetrachlorocyclopropene exhibits 
a small parent ion, but the fragment ion of largest intensity is again one 
chlorine mass less than the parent. Interpretations are further complicated 
by the obvious overlapping of the mass spectrometric structure at every 
mass number. Table 2 shows the mass spectrum of pentachlorocyclopropane. 
The infrared spectra of pentachlorocyclopropane and tetrachlorocyclo-
19 propene were also available for comparison, and hence samples from these 
preparations were analyzed on a Perkin-Elmer Model 221 Spectrophotometer. 
All samples were dissolved in carbon tetrachloride or carbon disulfide and 
NaCl plates were used. Major peaks at 9*+5V 890, and 768 cm were obtained 
for pentachlorocyclopropane, while peaks at l8l0, 1150, 1055, and 753 cm 
were obtained for tetrachlorocyclopropene, agreeing almost exactly with 
19 those given by Tobey and West . These spectra are shown in Figures 7, 8, 
and 9- In addition to the product sample, samples of pure trichloroethylene 
Table 2. Mass Spectra of Pentachlorocyclopropane at 70 eV 
Using a Varian M-66 Spectrometer 
m/e Relative Abundance (percent) 
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and 1,2 - dime thoxye thane, the solvents used in preparing tetrachlorocyclo^ ., 
propene were also analyzed. This enabled identification of all of the 
structure of the infrared spectrum with the exception of two peaks, which 
were attributed to impurities. 
Identification of tri-n-butyltin hydride was accomplished mass spec-
trometrically. The spectra showed structure at 121, 177? 235? and 291, 
which were readily attributed to tri-n-butyltin hydride (see Figure 10). 
Additional major structure at 199? 257? 269? and 313 were tentatively 
attributed to a tin-magnesium complex. The magnesium complex may have come 
from the MgSOi used in drying the tin hydride before distillation, but its 
presence did not.seem to affect the purity or yield of cyclopropenone when 
used to prepare that product. Figure 10 shows the complete mass spectrum 
of the final product tri-n-butyltin hydride and its associated impurities. 
Proof of the presence of cyclopropenone in the final step of synthe-
sis was achieved using nmr analysis. Results that were obtained using a 
Varian Model A-60 nmr machine compared almost exactly with those reported 
5 
by Breslow and Ryan . 
A sample, assumed to contain 1,3- and 353-d-ichlorocyclopropene was 
taken up in carbon tetrachloride and analyzed. Both internal and external 
standards (tetramethylisilane) were used. Peaks were observed at 68.0, 
67.2 and bh,5. The peaks at 67-2 and 6̂ .5 were attributed to the 1,3-dich-
lorocyclopropene while that at 68.0 was attributed to the 3?3-dichloro-
cyclopropene. These values agreed exactly with those reported by Breslow 
and Ryan. The mass spectrum of the mixed 1,3- and 3j3-cLichlorides was also 
observed, and the principle peaks appear in Table 3. 
Next, several drops of deuterium oxide were added to the mixed 
•u , u l l l l l 
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Figure 10. Mass Spectrum of T r i - n - b u t y l t i n Hydride Observed a t 70 eV 
Using a Varian M-66 Spectrometer 
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Table 3. Mass Spectrum of Dichlorocyclopropene Mixture at 70 eV 
Using a Bendix Model lU-107 TOF Machine 






dichlorides still contained in an nmr sample tube, and then the contents 
were shaken well,, The upper, -aqueous layer was removed and placed in a 
second nmr sample tube containing water. The first tube, containing the 
carbon tetrachloride layer was again analyzed and this time no peaks were 
observable at 68.0, 67.2, or 64.5, indicating that the dichlorocyclopro-
penes had been removed. Analysis of the second tube containing the water 
layer showed a very strong, single peak at 69.1. This agreed almost ex-
actly with Breslow and Ryan's value of 69.0 for cyclopropenone. 
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CHAPTER. V 
CONCLUSIONS AND RECOMMENDATIONS 
As a result of the work done In this study, the following conclu-
sions can be made. 
1. Cyclopropene was successfully produced by the reaction of allyl 
chloride and sodium amide. Purification and characterization were achieved 
using the cryogenic mass spectrometer as developed in this laboratory. 
Sufficient quantities of cyclopropene were prepared and stored to allow 
studies of the moleculer energetics and stability of this strained ring 
hydrocarbon. 
2. Cyclopropenone was successfully synthesized by the reaction of 
tetrachlorocyclopropene and tri-n-butyltin hydride. Because both tetra-
chloroeyclopropene and tri-n-butyltin hydride are not commercially avail-
able 5 they had to be prepared from readily available materials. Character-
ization of these intermediate products was accomplished using mass spectro-
metric and infrared analysis. Cyclopropenone was characterized by nmr 
analysis. 
Enough tetrachlorocyclopropene (75 percent purity) is presently on 
hand to make 13 gms of the dichlorocyclopropene mixture (purity unknown) 
assuming our best yield of about h-0 percent. The tri-n-butyltin hydride 
appears to be undergoing some reaction during storage as a white precipitate 
is forming. Its purity Is questionable and more tin hydride should be ob-
tained before subsequent dehalogenation of the tetrachlorocyclopropene is 
ko 
attempted. 
3. Synthesis procedures for cyclopropene and cyclopropenone were 
obtained from the literature and were modified or changed to suit the 
conditions of this laboratory and the available equipment. This work 
should serve as a manual for future preparations of cyclopropene and 
cyclopropenone in this laboratory. 
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